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Abstract 
ZnO:Sn nanopowders were synthesized by co-precipitation method using zinc acetate dihydrate and tin (IV) chloride hexahydrate 
as a precursors. Co-precipitate of ZnO:Sn nanopowders with  various Sn additive 0-50 %wt were obtained by calcination process 
at 500 qC. The corresponding functional groups and chemical bonding of the samples were investigated by Fourier Transform 
Infrared Spectroscopy (FTIR). The effects of Sn addition on structural and morphological properties of ZnO:Sn nanopowders 
have been investigated by X-ray diffraction (XRD), Raman Spectroscopy (Raman) and Scanning electron microscopy (SEM). 
The chemical bonding of Zn-O, Sn-O and Sn-OH in ZnO:Sn nanopowders were observed by FTIR results. The phase formation 
of this coumpound was observed with increasing Sn content with calcined at 500 qC. These results indicate that the crystallinity 
and structural of ZnO nanopowders are significantly affected by Sn dopant. 
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1. INTRODUCTION 
Zinc oxide is a wide range band gap (3.37 eV) semiconductoring material which has been widely used in 
transparent conducting films, gas sensor, surface acoustic wave device, photo catalyst and optoelectronic devices [1-
3]. Unique properties such as low resistivity, non-toxic, highly transparent in visible range and high trapping 
characteristics of ZnO-based materials have been extensively investigated. Recently, many researchers have 
reported that various morphologies and structures of ZnO can be synthesized by specific synthesis methods. In 
typical, the functional properties of ZnO nanomaterial can be tailored using physical and chemical methods [4-5]. 
Moreover, the enhancement of ZnO properties could be further obtained by controlling its structure to be in low- 
dimensional features such as nanowire and nanorod. Metal doped ZnO nanostructures have been of great interest for 
improving ZnO properties such as electrical, optical and magnetic to meet the requirement of potential applications. 
Based on previous works, it had been reported that ZnO was effectively doped with Al, Ga, In, Sn and S. Amount of 
the dopants could have great influence on the structure and surface morphology of ZnO. Along with other research 
works, the physical and chemical properties of ZnO were successfully synthesized by the incorporation with Sn [2, 
4]. 
Several techniques such as sol-gel [6], solid state reaction [7], hydrothermal [8] and co-precipitation process 
have been successfully employed to synthesize ZnO-based nanopowders. Among them, co-precipitation method is 
one of effective technique for synthesizing various kinds of metal oxide materials due to simply, low cost and large 
capability to produce particles of single and multi-component metal oxide [9]. In this present work, ZnO:Sn 
nanopowders were synthesized via co-precipitation process. The influences of Sn additive on ZnO structure have 
been investigated mainly by Raman spectroscopy 
2. EXPERIMENT 
2.1 Synthesis 
 
The synthesis of ZnO:Sn nanopowders were conducted by co-precipitation method. Firstly, 0.5 M of Zinc 
dichloride (ZnCl2) was dissolved in 200 ml of deionized water. Tin tetrachloride pentahydrate (SnCl4.5H2O) used 
as Sn precursor with designated Sn concentration of 0, 5, 10, 20, 30 and 50 %wt was added in zinc source precursor. 
The solution was homogeneously stirred for 1 h at room temperature. After stirring, chemical co-precipitation was 
achieved at room temperature by adding of 0.5 M of sodium hydroxide solution (NaOH) into precursor solution until 
pH=14 was reached. As-synthesized samples of ZnO:Sn were obtained by washing with deionized water until pH 
became neutral (pH 7). As-prepared co-precipitates were subsequently dried at 80 qC for 24 h. Finally, as-
synthesized ZnO:Sn with various Sn additive were calcined at 500 qC for 4 h.  
 
2.2 Characterizations 
 
 The chemical bonding of ZnO:Sn nanopowders were monitored by Fourier Transform Spectroscopy (FTIR) in 
the region 400-4000 cm-1. The crystal structures of the products werecharacterized by X-ray Diffraction (XRD) 
(Rigaku Mini Flex) over 2ș range of 20-80q using Cu-KĮ radiation operated at 40 kV and 15 mA. The diffraction 
patterns were recorded with a scanning rate 2º/min. The morphologies of co-precipitated ZnO:Sn powders were 
examined by Scanning Electron Microscope (SEM) (Hitachi, S-4700). The Raman results of the samples were 
examined by Micro- Raman Spectroscopy (Thermo Scientific) using DXR 532 nm laser. Raman spectra were 
recorded in the region 100-3500 cm-1. 
3. RESULT AND DISCUSSION 
FTIR spectra of as-synthesized and after-calcined ZnO:Sn nanopowders with different Sn contents; 0, 5,10 and 
20 %wt. are shown in Figure 1. All samples were carried out in the region of 400-4000 cm-1. For as- synthesized 
pure ZnO, the corresponding functional groups locatedat 490 cm-1 is attributed to the vibration of Zn-O group 
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indicating the existence of ZnO. The small pinnacle bands wave number at 1640 and 3410 cm-1 are attributed to the 
stretching vibration of O-H group due to surface absorbed water. Moreover, the vibration peaks at wave number 540 
and 1172 cm-1 are assigned to stretching vibration of Sn-O and bending vibration of Sn-OH, respectively [10]. These 
spectra occur as loading amount of Sn increases. After calcination, the broad peak at wave number 450-500 cm-1 
becomes more distinctive and intense, implying the strength of bonding and better formation of ZnO compound. It is 
additionally noticed that further increase in Sn content results to the drastic deterioration in this bonding. These 
results indicate that the corresponding functional groups of ZnO nanopowders are significantly affected by Sn 
dopant. 
 
The XRD spectra of co-precipitated ZnO:Sn powders after calcinations at 500 qC with  Sn additive content of  0, 
5, 10, 20, 30 and 50 %wt are illustrated. The XRD patterns of sample can be indexed to (100), (002), (102), (101), 
(110), (103), (112) and (201) orientation plane, affirming the formation of hexagonal wurtzite structure of ZnO. The 
peak observed for Zn-O phase is accorded with data standards JCPDS card (No.36-1541) [11]. It is clearly observed 
that the crystallinity of Zn-O phase slightly decrease with the increase Sn addition. The decreases of intensity of the 
peak are shown in figure 2. The additive Sn into ZnO nanopowders destroys the crystallinity of ZnO:Sn samples. 
The absence of Sn phase on ZnO:Sn nanopowders excludes the existence due to detector limit [12]. These results 
suggested that the crystallinity of ZnO nanopowders is significantly affected by Sn dopant that is in good 
accordance with the results interpreted from FTIR spectra.  
  
The morphologies of co-precipitated ZnO:Sn nanopowders with various Sn contents; 0, 5, 10, 20, 30 and 50 
%wt. were monitored by SEM as shown in Figure 3. It can be seen that the as-synthesized powders are in nanosize 
regime. As monitored in Fig. 3(a), the morphology of 0 %wt of ZnO:Sn nanopowders exhibits good homogeneity 
and uniform distribution. When Sn content increases the morphologies of ZnO:Sn nanopowders appear in different 
structural shape comparing to pure ZnO. The shape of ZnO:Sn nanopowders tend to be in cubic-like structure and 
their size becomes larger with increasing Sn loading content greater than 10 %wt. This feature implies the phase 
transformation of the compounds strongly depending on Sn content. This cubic structure may associate to the 
ZnSnO3 phase [13].  
 
 
Fig.1 FTIR spectra of a) as-synthesized of ZnO:Sn powders with different Sn content 0, 5, 10 and 15 %wt; b) calcination of ZnO:Sn 
nanopowders with different Sn content at 500 qC.  
 
 
(a) (b) 
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Fig. 2 XRD patterns of calcined ZnO:Sn with different Sn  contents 0, 5, 10 and 20 %wt at 500 qC. 
 
The Raman signals are usually sensitive to crystalline structure. Raman spectral studies of ZnO:Sn 
nanocrystalline material have been carried out to determine its Raman active vibration mode. The Raman results of 
calcined samples with different Sn content 0, 5, 10, 20, 30 and 50 %wt are shown in Figure 4. Typically there are 
eight sets of phonons vibration, where A1 and E1 mode are polar which split into transverse optical (A1T and E1T) and 
longitudinal optical (A1L and E1L) phonons, while the E2 mode consists of two modes of low- and high-frequency 
phonons (E2L and E2H) which are Raman active [14]. Prominent spectrum peaks of undoped ZnO positioned at 
wavenumber 436 cm-1 corresponds to E2 (high) in optical phonon mode, which is existed to hexagonal wurtzite 
structure of ZnO. The result shows the ZnO spectrum at 379 cm-1 corresponds to A1T and 582 cm-1 positioned 
between A1 and E1. The broad peak at wavenumber 330 cm-1 is attributed to the second order Raman processes [15], 
originating from the zoneboundary phonons 3E2H–E2L. When Sn additive composition increases, the intensity of 
Raman signal of characteristic peaks of ZnO structure are deteriorated. One can see the broad peak positioned at 582 
cm-1 in the A1L mode region which is in contrast to the ZnO peak. The appearance of the broad A1L signal of Sn 
content implanted ZnO samples indicates that ZnO crystal structure is strongly damaged but still retains its 
hexagonal wurtzite structure. Raman signal of ZnO:Sn powders at 670 cm-1 with weak intensity is corresponds to A1 
mode. The intensity of broad peak increases and shifts to longer wavenumber (blue shift) with increasing Sn content 
[16-17]. The results suggest that, the Raman spectrum have relevant effect on their particle size. The significant 
influence of Sn additive into ZnO structure is strongly affirmed by the Raman results. 
 
 
 
 
 
Fig. 3 SEM images of calcined ZnO:Sn powders with different Sn contents 0, 5, 10, 20, 30 and 50 %wt at 500 qC. 
(a) ZnO 
 
(b)5%ZnO:Sn (c)10%ZnO:Sn 
(d)20%ZnO:Sn (e)30%ZnO:Sn (f)50%ZnO:Sn 
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Fig. 4 Micro-Raman scattering of calcined ZnO:Sn with various Sn contents 0, 5, 10, 20, 30 and 50 %wt at 500 qC.     
4. CONCLUSION 
 In this study, the ZnO:Sn nanopowders were successfully synthesized via co-precipitation method and calcined 
at 500 qC. FTIR results reveal the corresponding functional groups and chemical bonding of the samples. The effect 
of Sn additive on structure and surface morphology change in the ZnO:Sn nanopowders was additionally 
investigated by XRD and SEM. The results exhibit the significant alternation on the morphology and phase 
formation of ZnO with increasing Sn contents. Raman spectra affirm the effect of Sn additive into ZnO structure by 
Raman active vibration mode that is in good agreeable to XRD results. It is suggested that the crystallinity and 
structural of ZnO nanopowders are strongly affected by Sn dopant content. 
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